trajectories of tropically forced waves (e.g., Diaz et al. 2001; Meehl and Teng 2007) , or from shifts in the intensity and longitude of equatorial Pacific rainfall during El Niño events (e.g., Kug et al. 2009; Wang et al. 2015; Zhou et al. 2014) . In this study, we explore whether SCAL rainfall sensitivity to a strong El Niño occurring in 2016 has changed compared to a comparably strong El Niño in 1983.
Datasets and methods. Observed monthly precipitation for 1901-2016 is from the GPCC gridded 1° resolution analysis (Schneider et al. 2013) . Monthly atmospheric circulation for 1948-2016 is from the NCEP/ NCAR Reanalysis (Kalnay et al. 1996) . Monthly sea surface temperature (SST) and sea ice concentration (SIC) data are based on Hurrell et al. (2008) .
Two ensemble suites of climate simulations are analyzed. The first is a 40-member historical transient simulation of the NCAR Community Earth System Model version 1 (CESM1; Kay et al. 2015) . These " All-Forcings" simulations span 1920 -2005 , and use RCP8.5 for 2006-2100. The second is a 20-member ensemble of atmospheric model simulations (AMIP) generated from the atmospheric component of CESM1, named Community Atmospheric Model version 5 (CAM5; Neale et al. 2012) . In these AMIPstyle experiments spanning 1871-2016, observed time evolving lower boundary conditions (SSTs and SIC) are prescribed globally, while time varying external radiative forcings identical to those used in CESM1 are also specified. The atmospheric model uses horizontal resolution of 0.94° × 1.25° and 30 vertical levels for all simulations.
While the historical AMIP ensemble size is 20-members, the ensemble size was increased to 50 members for the strong El Niño cases of 1982/83 and 2015/16. A parallel set of 50-member AMIP-style runs were conducted for these two strong El Niño events in which SST forcing over an El Niño-core region (15°N-15°S, 175°E-South America) only was specified, while | climatological SSTs were specified over the remaining world oceans. These experiments address how differences in the "flavor of El Niño" alone affected SCAL precipitation in 2016 versus 1983. Further, we address how SSTs over the "rest-of-the-world" affected SCAL precipitation by first calculating differences between the globally forced runs and the El Niño core-region runs, and then comparing these residual estimates for 2016 and 1983. To test the effect of climate change on the response to strong El Niño, we construct composites of strong El Niño events occurring around 1983 and 2016 by subsampling the 40-member CESM1 ensemble. Hurrell et al. (2013) demonstrate that the CESM1 realistically simulates the magnitude of the observed rise in global surface temperature during recent decades. Using a 15-year period centered in 1983 or 2016, we select all December-February warm events that exceed 1.5 times the standard deviation of the model's Niño3. 4 SST variability (1981 4 SST variability ( -2010 . This yields strong El Niño composites having about 30-40 members for each period. Our results are robust to Results. a. Observations. Across all regions of California, less precipitation fell during winter (December-February) 2016 compared to 1983 (Fig. 10.1 , top row). For SCAL (Fig. 10.1 , red outline), 2016 precipitation was 35% below the 1981-2010 mean, compared to 48% above the mean in 1983. Owing to the positive skew of SCAL climatological winter rainfall, the 2016 total was only 22% below the climatological median. It was thus not particularly extreme when assessed in an unconditional framework. However, winter rainfall statistics derived from the CAM5 AMIP simulations indicate that the observed dryness was an extreme event when conditioned upon the particular global boundary forcing of strong El Niño (Fig. ES10.1b) .
The immediate cause for the drastic distinction in SCAL rainfall between 2016 and 1983 is the difference in North Pacific atmospheric circulations. Both winters exhibit features of the well-known canonical El Niño teleconnection pattern (e.g., Horel and Wallace 1981). A key distinction, however, is that the North Pacific 200-hPa negative height anomaly is weaker and shifted farther north into the Gulf of Alaska during 2016 ( Fig. 10.2, top row) . The circulation difference between those two winters ( Fig. 10.2 (Fig. 10.1 , middle row), consistent with aforementioned forecast guidance. The dryness in 2016 was therefore unlikely due to boundary forcing.
The magnitude of the CAM5 wet signal was diminished in 2016 when compared to 1983, however. Note especially that the simulated difference in ensemble mean California precipitation between these two winters is remarkably similar to the difference in observations. Also, comparison of the model probability density function (PDF) of SCAL precipitation in 2016 versus 1983 (Fig. ES10.1b) indicates increased likelihood for dryness in 2016; the two distributions are significantly different at the 5% level according to a Kolmogorov-Smirnov test. Nonetheless, the magnitude of observed dryness was a low probability within both ensembles.
The dynamical basis for this weaker SCAL wet signal in CAM5 is a weakened and northward displaced North Pacific low pressure in the model's circulation pattern during 2016 ( Fig. 10.2, middle row) . The | model, whose El Niño driven upper tropospheric wave train agrees well with observations ( Fig. 10.2 , top and middle rows), indicates that upper tropospheric heights are higher across the entire Pacific basin in 2016 compared to 1983. Importantly for SCAL rainfall, differences between the height patterns of the two events consist of an anomalous anticyclonic circulation across the mid-Pacific basin which steers storms northward in 2016 relative to 1983.
Results from the El Niño core-region experiments confirm that distinct El Niño flavors (e.g., stronger far east Pacific SST warmth in 1983 but stronger central Pacific SST warmth in 2016) did not cause the PacificNorth American differences in the fully forced CAM5 simulations. Rather, the principal climate sensitivity distinguishing these two strong El Niño winters arises from the rest-of-the-world boundary conditions. In 2016 relative to 1983, these drive widespread increases in Pacific basin heights whose main feature is an anticyclonic circulation across the mid-Pacific basin ( Fig. ES10.2, bottom right) .
c. Coupled model simulations.
To understand the AMIP results in the context of climate change, we compare CESM1 strong El Niño impacts on western U.S. precipitation for 2016 and 1983 (Fig. 10.1, bottom row) . No statistically significant difference in their El Niño-related composite rainfall occurs over SCAL, even though El Niño events circa 2016 are immersed in a warmer ocean. Consistent with a warmer ocean, CESM1 indicates that climate change increases upper level heights across the entire Pacific basin ( Fig.  10.2, bottom row) . Importantly, however, these height increases are relatively uniform across the Pacific; there is thus no meaningful shift in the model's El Niño-related teleconnection and hence little change in the SCAL winter precipitation. The PDF of CESM1 SCAL winter precipitation for El Niño events circa 2016 versus 1983 are statistically indistinguishable according to a Kolmogorov-Smirnov test (Fig. ES10.1c) .
Conclusion. Based on transient coupled climate simulations, no transformation of El Niño teleconnections has occurred since 1983 that would materially alter the remote sensitivity of Southern California precipitation to strong El Niño forcing. Both composites of strong El Niño in CESM1 experiments circa 1983 versus 2016 show wet signals over SCAL, with no significant difference in the probability distributions for either extreme wet or extreme dry winters. We conclude that the failure of heavy rains in SCAL during the strong El Niño of 2016, compared to the flooding rains of 1983, does not constitute a climate change effect.
Our analysis of atmospheric simulations does indicate, however, that the actual global boundary forcing in 2016 (especially the rest-of-the-world boundary forcing outside of the El Niño core-region) was significantly less favorable for wet SCAL in 2016 than in 1983. Additional experiments are required to better understand the nature of these rest-of-world boundary conditions that operated in 2016. More research is especially needed to reconcile those conditions with plausible modes of internal natural variability (Berg and Hall 2015; Kumar and Chen 2016) .
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